ABSTRACT
INTRODUCTION
Cantaloupe or muskmelon (Cucumis melo L.) is one of the main crops grown in northeastern Brazil. The states of Rio Grande do Norte and Ceará are the largest producers of this fruit and account together for more than 90 % of the national production. The continuous implementation of new technologies has led to a constant expansion of the melon agribusiness in Brazil. Melon is an important sector of agribusiness in Brazil because it attracts foreign exchange and employment to the semi-arid Northeast, triggering regional development (Crisóstomo et al. 2008) Melon is the most polymorphic species of the cucurbit family, which is particularly true for fruit-related traits (Luan et al. 2010) . For the breeding of this vegetable, germplasm is available including from accessions collected on small farms to hybrids developed by seed companies, representing a source of numerous possible crosses to generate lines. In this context, one key aspect is the choice of parents for the breeding of improved lines, since the improvement process is long. Erroneously chosen parents would therefore result in no profit, but in a waste of time and resources.
Among the methodologies used to choose the parents and segregating populations, the diallel analysis deserves consideration. It uses information about the performance of parents and their hybrids. From the diallel crosses the general and SCA can be estimated. The general combining ability (GCA) is related to additive effects, representing the average parental performance in hybrid combinations, while the specific ability (SCA) is related to non-additive effects, traitizing the deviations of hybrid combinations from the average parental performance. The GCA allows the identification of parents with higher frequency of favorable alleles, while the SCA indicates the most promising hybrid combinations (Ferreira et al. 2002 , Valério et al. 2009 ). In addition, the diallel scheme helps analyze the nature and magnitude of gene effects that control traits of economic importance. Knowledge on the trait inheritance is useful to define the strategy of a breeding program (Feyzian et al. 2009 ).
In view of these considerations, the objectives of this study were to determine the general and specific combining abilities of the parents to identify the best hybrid combinations and study the gene effect on yield and quality-related traits of melon fruits.
MATERIAL AND METHODS
Hybrid seeds were produced in a vegetable garden of the plant science department of the Universidade Federal Rural do Semi-árido (UFERSA). The parents Meloa (Pele de sapo), AF-646, Rochedo, Gold Mine (Amarelo), AF-1749 (Honey dew) and Hy Mark (Cantaloupe) were crossed in all possible combinations, without reciprocals, resulting in 15 hybrids.
The test with six parents and their hybrids was conducted in an experimental of the Fazenda Santa Júlia, in Mossoró, state of Rio Grande do Norte (lat 5° 11' S, long 37 º 21' W; 18 m asl). The climate is BSwh (Köppen classification), that is very dry, with a rainy season in late summer/early autumn (Carmo Filho and Oliveira 1989) .
The soil was tilled by moldboard plowing and disking, 14 days before planting. The seeds were sown in polystyrene trays with 128 cells, filled with commercial substrate. The transplant was done 14 days after planting in soil previously plowed and disked, the ridges were made with hoes and a drip-irrigation system installed. At transplanting, 12 t ha -1 of cattle manure was applied as base fertilization in the furrows. The mineral sources applied in irrigation water, in kg ha -1 , were 500 KCl, 150 urea, 550 CaNO 3 , and 200 H 3 PO 4 . Weeds were manually removed until 30 days after transplanting. The other cultural practices were according to the management recommendations for the crop in the state (Nunes et al. 2005) .
The experiment was arranged in a randomized block design with three replications to evaluate 21 treatments (six parents and 15 hybrids). Each plot consisted of two 5.0 m long rows with 10 plants. The spacing was 2.0 m between rows and 0.5 m between plants.
The fruits were evaluated for the traits: total number of fruits, average fruit weight, yield, soluble solids content, flesh firmness, flesh thickness, longitudinal diameter, transverse diameter and internal cavity size. To evaluate the fruit quality traits, 20 fruits per plot were randomly sampled, while for total fruit yield all fruits per plot were collected.
Diallel analysis was performed using the average data and the mean square analysis of variance, considering method II of model I, proposed by Griffing (1956) . All tests were performed using software Genes (Cruz 2008).
RESULTS AND DISCUSSION
In agricultural experimentation it is imperative that treatments are evaluated as accurately as possible. The higher the experimental accuracy, the greater the likelihood of finding differences between the treatments. The coefficient of variation is the most commonly used indicator of the quality of experiments. Based on the classification Lima et al. (2004) for melon, the values can be considered average for all assessed traits. In this study, estimates of CV were within the range observed in other studies of evaluation of melon cultivars , Nunes et al. 2005 .
The estimates of GCA and SCA obtained in diallel analysis provide important information for breeding on the potential of parents for intra-population improvement and the utility for inter-population programs as well as use of lines for hybrids (Vianna 2000) .
For the traits average fruit weight, longitudinal diameter, flesh thickness and internal cavity size a significant effect (p < 0.05) was detected only for GCA (Table 1) , indicating only additive effects in the control of these morphoagronomic characteristics. In this situation, methods of inter-population improvement can be used to increase the frequency of favorable alleles for these traits.
Several authors detected additive and non-additive effects in the genetic control of the trait average fruit weight (Lippert and Legg 1972 , Kalb and Davis 1984a , Singh and Randhawa 1990 , Monforte et al. 2004 , contrasting with the results of this study. However, Feysian et al. (2009) observed a predominance of additive effects for average fruit weight in a diallel of local populations from Iran. Paris et al. (2008) reported the presence of additive and non-additive effects for the trait longitudinal diameter, diverging from this study. Concerning flesh thickness, Diallel analysis of yield and quality traits of melon fruits Kalb and Davis (1984a) , Singh and Randhawa (1990) and Kitroongruang et al. (1992) observed significant effects for GCA and SCA and the presence of additive and nonadditive effects for internal cavity size. The same fact was mentioned by Paris et al. (2008) for flesh thickness.
Regarding the total number of fruit traits, yield, flesh firmness and soluble solids, significant effects were observed for GCA as well as for SCA (p < 0.05). The significance of GCA indicates the presence of additive effects, while significant SCA indicates non-additive effects (dominance and epistasis) in the genetic control of a trait (Ferreira et al. 2004) . The traits for which both effects (additive and non-additive) were significant, the quadratic component of the SCA was predominant, since the ratio was lower than 0.5 (Table 1) . For these traits the exploitation of heterosis in melon breeding programs is certainly feasible.
Concerning total number of fruits, Singh and Randahawa (1990) , Kitroongruang et al. (1992) and Zalapa et al. (2006) reported only the presence of additive effects, in contrast to the results of this study. Nevertheless, Monforte et al. (2004) found heterosis in some crosses, indicating the presence of non-additive effects in the genetic control, since heterosis depends on the dominance and square of the divergence (Bernardo 2002), and, in short, a direct function of the product of genetic distance by their respective dominance deviations (Hallauer and Miranda Filho 1988) .
For fruit yield, Lippert and Legg (1972) , Kalb and Davis (1984b) and Abadia et al. (1985) observed that yield is controlled by additive and non-additive effects, predominantly by the quadratic component of SCA.
However, Feysian et al. (2009) also observed additive and non-additive gene action, but with predominance of GCA. Paris et al. (2008) reported the presence of additive and non-additive effects for flesh firmness, confirming the results of this study.
With regard to the content of soluble solids, there is some controversy as to the genetic control. Some authors found a predominance of additive and non-additive effects (Cuarteiro et al. 1985 , Kalb and Davis 1984a , Singh and Randhawa 1990 , while others found no significant effect of SCA (Lippert and Legg 1972 , Zalapa et al. 2006 , Paris et al. 2008 . Monforte et al. (2004) provided a good description of the contradictory results in melon for this trait in a study with Pele de Sapo melon. This author found non-additive effects in the crosses, suggesting that inheritance is specific to each cross.
A comparison of results from different articles showed that the estimates of GCA and SCA depend on the allele frequency and dominance level. It is therefore emphasized that the discrepant results between studies are mainly due to the group of parents used in the experiments. In addition, the environmental effect and analysis method also influence the estimates.
The GCA of a parent in the diallel is related to the frequency of favorable alleles for the trait expression. Accordingly, parents with higher or lower estimates contribute to obtain segregating populations with higher or lower means of the derived lines, respectively (Ferreira et al. 2004) . It is noteworthy that when a higher mean is desirable for the trait, high and positive g i values indicate higher frequency of favorable alleles. However, when a lower trait mean would improve the genotype, high and negative values also indicate a higher frequency of favorable alleles. Griffing (1956) and estimates of the square components of the general and specific combining ability of nine traits evaluated in six melon crosses and their hybrids AKA Barros et al.
The parents Hy Mark and AF-646 with the highest GCA helped increase total number of fruits and yield. Meloa, AF-1749 and Rochedo as parents contributed to a reduction of these two traits. It was found that the parent Meloa contributed to increase the average fruit weight. The parent Hy Mark, in turn, with the lowest GCA, contributed to reduce the fruit size, as well as the parent AF-1749. A similar result was observed for longitudinal diameter. The parent Meloa increased flesh thickness, while AF-1749 reduced this trait. For the internal cavity size, the parents Rochedo, AF-646 and Hy Mark induced a reduction, while the others increased the trait values. Parents Rochedo, AF-1749 and Gold Mine contributed most to increase of flesh firmness, while Meloa, AF-646 and Hy Mark reduced the value of this trait. The soluble solids content was increased by the parents Hy Mark, and Rochedo and reduced by Meloa and AF-646 (Table 2). crosses Meloa x Rochedo, Meloa x AF-646 and Gold Mine x Hy Mark. The crosses Meloa x AF-1749 and Rochedo x Gold Mine stood out for flesh firmness, while the crosses AF-646 x Rochedo and Gold Mine x Hy Mark for soluble solids (Table 3) .
The magnitude of specific combining ability (SCA) indicates the degree of complementation of the parents of a cross. A significant SCA indicates heterogeneous performance of the parents. In this case, it is not possible to predict the parental performance based only on the GCA because interactions occur between the parents due to the divergence in the dominant loci.
The melon is the cucurbit with greatest morphological polymorphism (Luan et al. 2010 ). There are several types or botanical varieties of melon. In Brazil, the most widely planted types belong to the variety inodorus. The most common types of this variety are amarelo, pele de sapo, 
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Regarding total number of fruits and yield, it was found that the effect of SCA of one parent when crossed with itself (i = j) was positive for the parents Rochedo, AF-1749, Gold Mine and Hy Mark. The SCA estimate for flesh firmness was negative for the parent Rochedo only. On the other hand, for soluble solids, the SCA estimate of parent Meloa was positive, versus negative estimates of the others. The SCA of the 15 hybrid combinations (i j), indicated the crosses Meloa x Rochedo, Meloa x AF-646 and AF-1749 x AF-646 as most promising for total number of fruits. For yield, the SCA values were highest for the and Honey Dew which together account for more than 80 % of the melon exported from the port of Natal (Sales Júnior et al. 2006) . Besides these, the cultivation of the melon types Cantaloupe, Charentais and Galia, has been expanded due to the rising price in foreign markets.
Considering the great diversity of melon, breeding programs should focus on more than one melon type. In this sense, the choice of the best population in a study also depends on the goal of the program. If the purpose is to produce Cantaloupe melons, one should obviously choose the best of crosses involving the parent Hy Mark.
Likewise, if the goal is a Honey Dew, one should identify the best cross of among those involving parent AF-1749. If the goal is to produce a pele de sapo or Meloa, then the best hybrid combination involving the parent Meloa ought to be selected. For Amarelo melon there are more options, since three Amarelo parents were included in the diallel (AF-646, Rochedo and Gold Mine).
On the other hand, it is known that in melon improvement many traits are to be taken into consideration for selection. A good genotype must have a high yield, a market-standard size, good flesh thickness, small internal cavity, high flesh firmness and high soluble solids content (Nunes et al. 2005) . It is therefore difficult to identify a cross that meets all these requirements.
According to Cruz and Vencovsky (1989) , the breeder must choose a cross with high SCA and with at least one parent with a high GCA estimate. The idea is to join great variability and high frequency of favorable alleles, important properties of a good segregating population. These traits allow the selection of lines with good performance. In addition, the cross mean and the mean of each parent are important to choose the best hybrid combination.
For Cantaloupe melon the best combination would be Gold Mine x Hy Mark. The parent Gold Mine is highyielding, has a high flesh firmness and high soluble solids content ( Table 2 ). The parent Hy Mark is also productive, has a high content of soluble solids and a small internal cavity. The cross between them resulted in desirable SCA for yield, internal cavity size and soluble solids (Table 4) . However, the SCA for flesh firmness was negative. One aspect that mitigates this result is that the GCA of Gold Mine is high ( Table 2 ). The favorable alleles from this parent may be fixed in the selection process of Cantaloupe lines.
In the case of Honey Dew melon, often called "Orange Flesh" by producers, the cross with the largest number of desirable phenotypes would be AF-646 x AF-1749. This combination is interesting in view of the positive SCA values for total fruit number, yield and flesh firmness (Table  3) . One drawback that could weigh in the choice of this cross is the low GCA estimate of these parents (Table 2) . However, it is noteworthy that the cross mean for this trait did not differ from the others (Table 4) .
For the production of Piel de Sapo or Meloa hybrids, the most recommended cross would be Meloa x Rochedo since the SCA is high for total number of fruits and yield (Table 3) , although the GCA estimates for total number of fruits and yield were negative (Table 2) . However, it is noteworthy that the means of total number of fruits and yield of the parent Rochedo were high (Table 2) .
To obtain Amarelo hybrids, the most promising cross is AF-646 x Rochedo, in view of the high average yield (Table 4) and high SCA for all traits with a non-additive effect (Table 3 ). In addition, AF-646 has positive GCA for fruit number and yield, while Rochedo has positive GCA values for flesh firmness and soluble solids (Table 2) .
Therefore, it was concluded that the traits total number of fruit, yield, flesh firmness and soluble solids were controlled by additive and non-additive effects, while the traits mean fruit weight, longitudinal diameter, flesh thickness and internal cavity size were controlled by additive effects only, and that the most indicated crosses for improvement of Cantaloupe, Honey Dew, Pele de Sapo/ Meloa and Amarelo melon are, respectively: Gold Mine x Hy Mark, AF-646 x AF-1749, Meloa x Rochedo and AF-646 x Rochedo. 
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